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[57] ABSTRACT

Cheese is prepared by ultrafiltering a milk product to
produce a cheese milk having substantially the composi-

tion of cheese at the end of whey drainage and convert-
ing the cheese milk into cheese by coagulation with
rennet.
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" PREPARATION OF CHEESE USING
 ULTRAFILTRATION

~ CROSS-REFERENCES TO RELATED
APPLICATIONS -

ThlS application is a continuation of application Ser.
‘No. 299,837 filed Oct. 24, 1972, now abandoned, which

is a continuation-in-part of application Ser. No 53,002,
filed July 7, 1970, now abandoned |

BACKGROUND_ OF THE INVENTION
1. Field of the Invention

5

10

More particularly, the invention relates to a method 15

of processing milk and dairy products, and especially to
such a method whereby a liquid enriched cheese milk or
liquid retentate product suitable for conversion into
cheese may be obtained.

The invention has for its ob_]ect a process which
makes it possible to obtain, starting from milk, a liquid
filtration product (filtrate) containing the major part of
the liquid content and a major part of the co-called
soluble constituents of the initial milk, such as lactose,
mineral salts, non-protein nitrogen substances; the per-
centages at which those various substances are present
in this liquid ﬁltrate being, in principle, equal or close to
the respective percentages at which they are present in
the aqueous phase of milk; and on the other hand, a
liquid retentate containing all, or substantlally all, the
proteins of the initial milk and a minor part of the so-
called soluble constituents; the protein content and the
soluble constituents content of this liquid being substan-
tially equal to those existing in a cheese prepared from
milk at the end of the whey drainage process. Thus, a
notable object of the invention is a process making it
possible to prepare from milk, such as secreted by the
milch-animal, a liquid raw material having substantially
the composition of a drained cheese except for its en-
richment in soluble proteins, in which the ingredients
are present in proportions appropriate for cheese-mak—
ing.

Thus, it is one object of the invention to provide a
process which makes it possible to prepare from milk a

retained ultrafiltration liquid raw material, or liquid.

retentate, suitable for conversion into drained cheese.

- 2. Description of the Prior Art

In previously known cheese-making processes, the
curd is obtained by coagulation of milk as derived from
the milch animal, or after fat separation, with rennet.
Then, the curd is separated from the whey by drainage,
with or without pressing in moulds as it is usually done
‘when making soft cheese, fresh or ripened. On the other
hand, when makmg hard pressed cheese or cooked
cheese, the curd is cut and mechanically stirred and
heated at varying intensities and then the curd is sub-
jected to decantation and a drawing off of the whey.

In standard cheese making practice, the technological
operations carried out.from the stage where the milk is
coagulated in vats up to the stage where the cheese is
drained and moulded are costly in terms of labor and
equipment, and the cheese obtained is heterogeneous or
variable from the three standpoints of quality, composi-
tion and weight of each cheese. Indeed, in the present
stage of the art, it is very difficult, if not impossible, to
control and to adjust with sufficient accuracy, prior to
clot formation with rennet, all the parameters which
determine the characteristics of the final cheese.
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If the variation in weight from one individual cheese
to another has relatively little importance for pressed or
cooked types of cheese, which are sold on the basis of
their weight, the same does not apply at all for soft
cheese, which is sold on an individual cheese basis. In
all countries producing soft cheese, the loss or profit,
due to the extent or the safety margins adopted by the
cheese maker to make up for this variation in weight,
represents quite an appreciable percentage of the total
turnover. The variation in composition is partly the
result of the difficulties experienced during the cheese
makmg operations in heating, cuttmg or stirring a gel;
1.e. the clot formed by the rennet, in which the thermal
or mechanical exchanges are much more difficult than
inside a liquid. While mixing a liquid as obtained, for
instance, by this invention, is easy and insures equal
distribution of heat, etc., the same does not hold true for
a gel. As regards variation in quality, this is to a large
extent the result of the two foregoing factors.

Prior art processes are known for performing in con-
tinuous manner the production of curd and thus ratio-
nalizing manufacture. In one of these processes, the
normal milk, renneted cold, is heated in a heat ex-
changer; it coagulates and circulates in this form in a
coagulation cylinder. In another known process, the
milk concentrated by evaporation is heated by mixing it
with warm water. Coagulation then takes place instan-
taneously. Other processes mechanize syneresis (whey
drainage) of the clot obtained by the action of the ren-
net.

However, all these previously known processes have
drawbacks and the resulting products are as variable as
those obtained by the standard cheese making technique
for, as in the latter case, the whey drainage takes place
subsequently to coagulation. In addition, the field of
application of these various processes is rather narrow
and they may be difficult to use because the raw mate-
rial (i.e. milk) may vary to quite a marked extent (the
composition of milk varies according to season, area,
etc.). This, in turn, may prevent certain technological
requirements associated with these processes  from
being satisfied. Moreover, these processes require for
their implementation installation which are fairly cum-
bersome. - |

OBJECTIVES

Thus, this invention has for an object a method of
continuously or discontinuously processing milk which
makes possible their conversion into food products of a
cheese type, and which does not present the drawbacks
of the known processes of cheese makmg briefly illus-
trated above.

Another object of the invention is a method for pro-
cessing milk and by-products from milk by ultra-filtra-
tion or reverse osmosis, having in mind the obtainment
of a liquid retentate product having substantially the
same lactose to protein ratio, fat to protein ratio, min-
eral and solid content as a cheese; said liquid retentate -
or enriched cheese milk being afterwards converted
into cheese by adding rennet and a starter of lactic acid
bacteria and allowing it to ripen into a cheese. In the
parent U.S.A. application, this enriched cheese milk
was, at times, called “pre-cheese.”

As far as it is known, it has never been proposed in
the cheese art to obtain directly from milk an enriched

liquid retentate product that can be converted to a
cheese.
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THE METHOD AND PRODUCT THEREOF

The invention comprises a method of forming a liqud
retentate, or enriched cheesemilk product, by process-
ing a liquid dairy product such as milk. The method
comprises the steps of separating said liquid dairy prod-
uct into a first ultrafiltrate liquid component and a sec-
ond liquid retentate component by placing said dairy
product in contact with a semi-permeable membrane
the average pore diameter of which is at most equal to
30mp, at a pressure of from 1 to 50 kg/cm? and under

10

proper flow conditions, such as turbulent flow and/or
imparting a laminar flow to the dairy product. The first

liquid component is the filtration liquid that passes
through the semi-permeable membrane. The second
liquid component is the retentate that does not pass
through the semi-permeable membrane; it has a higher
concentration, more particularly in proteins, than said
first liquid component. In the process we collect the
first liquid component, and continue to separate the
second liquid component into further liquid compo-
nents by maintaining said second liquid component in
contact with said semi-permeable membrane under the

foregoing conditions until the desired liquid retentate

composition is obtained.
The above sequence of operations will be continued
until such time as it obtained a liquid retentate or en-

riched cheesemilk product, which does not pass

through the semi-permeable membrane and which has
an enriched protein concentration (i.e. content) and
other milk component content substantially equa] to
that of the cheese one wishes to produce.
- Using the invention, it is possible to process all the
types of milk or dairy by-products previously used for
the manufacture of cheese. The starting liquid may be
cow’s, goat’s or ewe’s milk, which may be subjected in
known manner to a moderate heating prior to treatment
according to the invention.

The milk product to be processed in contact with a
semi-permeable membrane is placed under pressure and
typically a turbulent flow and/or a laminar flow is im-
parted to the liquid milk product in contact with the
membrane. Both types of flow agitate the liquids adja-
cent to the membrane and permit the obtaining of a
higher content of solids in the retained liquid tenate.

The pressure applied to the milk product in contact
with the membrane can be applied with a pump and/or
with an inert gas under pressure, such as nitrogen.

Various types of membranes were used to prepare the
retentate. Membranes available on the market are made
cither from polyolefines (as is the case for membranes
sold under the trade name ”Diaflo” by the firm Amicon,
U.S.A.), or from polyacrylonitrile or polyvinylchloride
(as is the case for membranes sold by the firm Rhone-
Poulenc, France), or from cellulose acetate (as is the
case for membranes sold by the firms De Danske Suk-
kerfabriker, Denmark and Abcor, U.S.A)).

The essential characteristics of the membranes which
must be used in our process are as follows:

(1) the diameter of their pores, should be at the most
30 mp;

(2) no retention of the soluble milk components (lac-
tose and mineral salts) should be detected. In other
words the membrane must be such that the lactose con-
tent in the aqueous phase of the retentate must be equal
to the lactose content in the aqueous phase of milk.

(3) the constituents of the membrane must raise no

objection from the sanitary and hygienic viewpoint.
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In this process, the liquid product which does not
pass through the membrane is used as a base to manufac-
ture cheese. In the present description, this liquid which
does not pass through the membrane is referred to as the
“liquid retentate”. The “liquid retzntate” is a protein-
enriched milk (from skim milk) or fat and pmtem en-
riched milk (from whole mﬂk)

The new product which is prepared from the new
“liquid retentate” is referred to as the “drained cheese-
milk”. Later on, the cheese is manufactured from such a
“drained cheesemilk”. To be explicit, especially when
using skim milk, the expression “drained cheesemilk”
designates, in the present description, a product con-
taining the “retentate” to which a certain amount of
cream has been added. This drained cheesemilk can be
converted to the specific cheese desired. For each type
of cheese there is a well defined “drained cheesemilk.”
In other words, this product has substantially the same
composition as a drained cheese and it is used to prepare
cheese, but it is still a liquid (just as milk is a liquid) and
not a gel or a curd. This is the reason why the word

- “milk” is used to differentiate this liquid from the
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“curd” which is usually obtained in ordinary cheese
making. Hence, the term “drained cheesemilk” may be
used to give a complete description of the product.

To complete our definition of terms: the gel obtained
by adding rennet and lactic acid starter bacteria, color-
Ing matter, etc., to the “drained cheesemilk” is desig-
nated as “curd”, 1.e. the same word which is used in
ordinary cheese making to designate either the milk
which has just undergone clotting through rennet ac-
tion (the word “junket” is also sometimes used at this
particular stage) or the product which has undergone a
more or less pronounced “syneresis”, with correspond-
ing release of moisture. The “curd” obtained in our
process obviously corresponds to the last stage of curd
syneresis in traditional cheese making.

In most of our experiments, we preferred to carry out
uitrafiltration with skimmed milk instead of with milk
having the fat content usually found in cheese. The fat
content can be adjusted after uitrafiltrating. However,
ultrafiltration of milk with a known fat content has also
been effected and, in this latter case, the “retentate” and
the “drained cheesemilk™ are actually the same product
because the fat content of the milk has been adjusted in
such a way that the addition of cream to the liquid
retentate is no longer necessary.

The liquid retentate, notably the liquid retentate to be
used for the manufacture of soft cheese of the “Camem-
bert” type or “goat cheese” type has the following

composition, the figures given being in percent by
weight of the liquid retentate:

17 to 24%

Nitrogen stbstances

Total Solids 23 to 0%
Ash 1.8102.1%
Lactose

3.7 10 3.2%

The pH of the liquid retentate is about 6.6 to 6.7.

‘The description given below will indicate the method
for determining said figures, with the conventional
methods of analysis used in the dairy industry.

For the manufacture of types of cheese other than
soft cheese, the above percentages vary and the compo-
sition of the liquid retentate has to be adjusted to the
composition of the cheese to be obtained.
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For fresh cheese, for instance, the percentages of
nitrogen substances and total solids are respectively in

the range of 6 to 15% and 12 to 20%, by weight of the

liquid retentate.

The composmon of the “dramed cheesemilk” may be
modified by varying the amount of cream added to the
liquid retentate. When cream is used, it should not be
altered as far as its organoleptic qualities are concerned.

In as far as the cheeses obtained according to the
invention are concerned, their fundamental characteris-
- tic should be noted, which is that they contain a much
higher proportion of non-casein proteins, in their total
proteins, than do conventional cheeses. Thus, for all
cheese having a total solids content no higher than 55%
such as soft cheese and including also goat cheese and
fresh cheese, the Non-Casein Proteins content accounts,
in a cheese made according to the invention, for at least
15% of the total proteins contained -in the cheese,
whereas in conventional soft cheese this value is only 4
to S%. The non-casein protein content may be 20% or
more in a cheese obtained according to the invention.

Determination of the biochemical constituents as set
out herein in accordance with standard procedures
- were carried out as follows:

- The fat content of cheese, cream and whey were
determined after extraction with a petroleum ether-
diethy ether mixture (Internatlonal Dairy Federation
Standard H).

The nitrogen substances content was determined by
the Mikrokjeldahl Method, the nitrogen content being
multiplied by the coefficient 6.38. Non-protein nitrogen
(N.P.N.) soluble in 12 percent trichloroacetic acid was
determined according ‘to White and Davies (White,
J.C.D. and Davies,; D.T., (1958) J. Dairy Res., 25, 236);
to facilitate comparison, the N.P.N. was also multiplied
by 6.38 although as a rule this coefficient is only applied
to proteins. In some instances the Amido Black method
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for protein determination was also used (AFNOR, Tour

Europe, Paris, 1971 Norme experimentale V 04-216).
The ash content' was determined according to the
A.0.A.C. method (reference A.O.A.C. Standard, 1945).
The lactose content was detern:uned by Bertrand’s
method.

Table 1 gives the results of the experiments con-

ducted with various apparatus as illustrated in the Ex-

amples set out hereinafter.

435

6

-continued
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All the results relating to the levels of Total Solids

(T.S.), Total Nitrogen Matter (T.N.M.) which includes
all substances containing organic nitrogen (proteins
and/or non protein substances) and Ash are given in g
of T.S., T.N.M. or Ash per 100 g of milk, liquid reten-
tate and ultrafiltrate. Particular attention is to be paid to
the Ratio: T.N.M. of retentate/T.N.M. of milk and also

to the ratio: T.N.M./T.S. of retentate compared to the
ratio T.N.M./T.S. of milk.

In fact, there i1s a typical value of the ratio

T.N.M./T.S. of the retentate for every particular type
of cheese according to the moisture content of this type
of cheese (see FIG. 1): for example, in a Gervais type
cheese, the optimum value for this ratio is 0.53; in a soft
cheese the optimum value for the same ratio is 0.74.
Such values are only obtained if there is no lactose
retention by the ultrafiltration membranes, i.e. if the
lactose content in the aqueous phase of the retentate 1s
close to or equal to the lactose content of the aqueous
phase of milk. Only small variations of these values can
be permitted if the quality of the cheese is to be good
from the organoleptic viewpoint. If the lactose content
in the aqueous phase of the retentate is too high, the
cheese obtained is too acid and often bitter because

there i1s an accumulation of lactate ions in the aqueous
phase of the cheese.

In practice, the determination of this ratio

(T.N.M./T.S. of retentate) can be carried out in a very
simple way by any Dairy Laboratory: the total nitrogen
matter (T.N.M.) is determined either from the nitrogen
content using the Microkjeldahl Method (N X6.38) or
from the protein content using the Amido Black
method. Determination of total solids content is made
by drying at 100° C. Such methods are of daily use in
dairy plant laboratories. This determination of the ratio
T.N.M./T.S. of retentate does represent the best way of

ensuring that the ultrafiltration process is working prop-

erly.

Not any hquld raw material prepared from milk by
ultrafiltration and presenting an increased protein con-
tent, when compared to the original milk will necessar-
ily be suitable for conversion into a drained cheese. The

TABLE 1

___Characteristics and Results of Low Temperature Milk Ultrafiltration Trials
TRIALS 1 2 3 4 5 6 7 8
Membrane | a a b b c b d d
Membrane surface (indm?) 039 144 039 116 1.16 56 420 420
Pressure (in bars) 5 5 5 5 35 30 30 3.0
‘“Temperature (in*C.) = 4 4 4 4 2 2 2.3 3
Duration (in hrs and mms) 33.15 50.30 32.35 31.45 22.50 5545 46.00 47.00
Amount (per trial in kg) 04 20 04 48 60 1000 10020 1002.0
of milk |
processed (in kg/day/sq) 740 660 757 3153 539.7 769 1240 121.6

*in kg/day/sq = in kg of milk treated per day and per sq m of membrane

‘The membranes used are designated in all Tables by 60 composition of such a product must be defined much

the references a, b, ¢, d, and e, and the trademark and
other characteristics to which these letters correspond

read as follows:

Diaflo UM 20 E
R.P. XSB 201

- DiafloPM 30
R.P. 30 69

(a)
(b)
(©)
(d)

65

more precisely.

In fact, for such a conversion to be posmble, the liquid
raw material must present a very well defined composi-
tion as will be explained now. These composition limits
are well known in the cheese art.

It has been known for many years that, during the
normal cheese making process, the concentration of
lactose (or lactose +lactic acid) in the free water of the
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various products involved (the milk at one end, then the
curd, and finally the drained cheese at the other end of
the process) must remain approximately constant dur-
ing the whole cheese making process.

The fact that part of the lactose is fermented into 5
lactic acid during the cheese making process does not
deviate from this conclusion because it has been shown
that, on a weight basis, 1 gram of lactose gives, by fer-
mentation, 1 gram of lactic acid (McDowell, F. H. and
Dolby, R. M., 1935. Studies on the chemistry of Ched- 10
dar cheese making. III. The conversion of lactose into
lactic acid by starter. J. Dairy Res., 6, 243.). Thus,
herein, in specifying protein/lactose ratio—in keeping
with prior art practices—no distinction is made between
lactose and lactic acid. 15

The respective roles of free water and bound water in
milk, curd and cheese have been studied by a number of
authors (see for instance Mocquot, G. 1947. Etude sur
P’eau liee des fromages. Lait, 27, 576 and Davies, D. T.
and White, J. C. D. 1960. The use of ultrafiltration and 20
dialysis in 1solating the aqueous phase of milk and in
determining the partition of milk constituents between
the aqueous and disperse phase. J. Dairy Res. 27, 171.).
This free and bound water do interfere in the lactose
concentration of the curd and cheese Maubois, J.-L., 25
Mocquot, G. et Blanc-Patin, E. 1967. Influence de la
concentration du lait sur la quantité de substance seche
de “formage” obtenue apres coagulation par la présure.
Ann Technol. Agric. LN.R.A,, 16, 287).

The respective lactose and lactic acid contents of 30
whey, curd and cheese have been studied by Czulak

(Czulak, J., Conochie, J., Sutherland, B. J. and Van
Leecuwen, H. J. M. 1969. Lactose, lactic acid and min-

eral equilibria in Cheddar cheese manufacture. J. Dairy
Res., 36, 93.) who have shown how minute alterations 35
from normal values can lead to defects in the final
cheese.

From those publications and from many others one
can conclude that: (a) the difference in composition
between milk and cheese is that the cheese contains, on 40
a dry weight basis, more fat, more proteins and less
lactose and soluble mineral salts than milk; (b) the lac-
tose (or lactose-lactic acid) concentration in the
cheese water as well as the ratios lactose/proteins in
cheese and finally the total moisture content of the curd 45
and cheese must have well defined values for each par-
ticular type of cheese. The values of such parameters, in
one cheese type, differ from the values of the same
parameters in another cheese type, particularly accord-
ing to the moisture content of the cheese. But for any 50
given type of cheese, the above-mentioned values can
vary only within relatively narrow limits if the quality
of the cheese is to be good.

In other words, when we say that “the liquid raw
material” obtained after ultrafiltrating milk for a given 55
time, is suitable for conversion into a drained cheese this
does mean that the various parameters (water content,
lactose/water ratio, lactose/protein ratio) have to be
adjusted to the known values which are desirable for
the particular type of cheese. Such a result is preferably 60
achieved by conducting the ultrafiltration process
under conditions as far as type of membranes, type of
ultrafiltration apparatus and procedure, duration of the
ultrafiltration process, temperature of the milk and ul-
traftltrate, pressure, etc. are concerned that will pro- 65
duce the retentate composition desired.

Outside the range of retentate or drained cheese milk
compositions required to make the cheese there will be

either too much or too little water, lactose, proteins or
mineral salts present in the “liquid raw material” which
is to be converted into cheese.

Rennet, which is necessary for clot formation, and
lactic acid bacteria are added to the liquid drained
cheesemilk in such minute amounts that to start the
biochemical modifications which occur in the cheese
such as lactic fermentation and ripening; these modifica-
tions are produced continuously over a period of time
while aging.

The transformation from “liqud” to “gel” results
from the enzymatic action which rennet exerts on ca-
sein, the main protein in the milk, the casein being trans-
formed “into paracasein which is responsible for clot
formation.

As far as the composition of the products is con-
cerned, the solids content, protein content, lactose con-
tent, mineral content of the liquid “drained cheesemilk”
and those of the cheese are practically identical.

On the other hand, the point which we restress is that
a satisfactory cheese particularly as far as the organo-
leptic qualities are concerned (taste, aroma and flavor)
can only be obtained if the moisture content and the
existing ratios proteins/lactose, proteins/mineral salts,
proteins/total solids do have the same well defined
values in the “drained cheesemilk” or “retentate” and in
the cheese. Such values are characteristic of each par-
ticular type of cheese, i.c. one set of values for Camem-
bert cheese, another set of values for Neufchatel cheese,
another set of values for Port-Salut cheese, etc.

This 1s why ultrafiltration should be conducted in a
well defined set of controlled conditions if one wants to
obtain a drained cheesemilk possessing the right compo-
sition for one particular type of cheese. |

As an example, one can say that it may sometime be
necessary, in order to adjust the composition of the
drained cheesemilk to dilute the liquid retentate with
water, at a certain stage of the ultrafiltration process in
order to get rid of any excess of lactose.

If the necessary precautions are not taken, some of
the above-mentioned ratios will be altered in the liquid
retentate and, at the end of the process, also in the
drained cheesemilk. In particular, there will be a serious
risk that the ratio protein/lactose or protein/total solids
will be too low and consequently a drained cheesemilk
with too much lactose, giving rise to the formation of a
very poor quality cheese or no cheese at all will be
obtained. As stated, added water can be filtered off to
get rid of excess lactose. |

It will be appreciated that the process of the inven-
tion may be put into practice using various forms of
apparatus. |

According to one method embodying the invention,
the product to be processed is introduced inside porous
tubes arranged in bundles and lined inside with the
semipermeable membranes under consideration. The
water and the soluble constituents (lactose and mineral
salts) contained in the milk passing through the mem-
brane and its porous frame are collected on the outer
walls of the tube in the form of a filtration liquid. This
filtration liquid, which may be called whey, is either
used as such, or directed towards another type of mem-
brane having as its purpose enrichment in previously
filtered constituents. The retained liquid passing inside
the bundle of tubes is thus enriched, particularly in
proteins, as it progresses and it is collected at the outlet
of the apparatus.
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Some plants which use porous tubes have already
been proposed and used for removing the salt from sea
water; for instance U.S. Pat. No. 3,133,132 can be cited
as a reference illustrating this type of plant.

In another method embodying the invention, the
product to be processed is introduced at the head of a
series of superimposed or juxtaposed modules, each of
the said modules being composed of two rigid porous
plates acting as a frame and holding a semi-permeable
membrane. The liquid which is to be concentrated cir-
culates in the interspace between the two membranes of
one module. The so-called filtration liquid is collected
in the interspace between two consecutive modules.
The liquid which is to be retained and enriched circu-
lates through the stack or the series of modules and is
~ collected on leaving the apparatus.

Equipment comprising modules superimposed of the
kind described is illustrated in an article of E.-Lowe et
al; (1968) “A reverse osmosis unit for food use” Food
Technology 22, 915-917. This equipment is described as
suitable for treating egg white and fruit juices.

The process of the invention may be performed in a
continuous or discontinuous manner. For a discontinu-
ous operation, the batch of liquid dairy product to be
processed is placed in contact with the semi-permeable
membrane and the product is collected as it leaves the
apparatus until the batch of dairy product reaches the
desired retentate composition.

The invention perfectly lends itself to continuous
operation. The rate of output of the process depends
then essentially upon the surface area of the membrane
which is employed. The only energy consumed is that
required to operate the feed pump. When the process is
conducted in a continuous operation, it is used in an
apparatus the overall size of which is much smaller than
the usual size cheese plant. For example, the ultrafiltra-
tion unit used to illustrate this invention takes up about
1 cubic meter for the processing of 5,000 liters per hour.
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It is advantageous if the milk or liquid dairy by-pro-

duct to be processed is in turbulent flow in contact with
the membrane. This leads to a more rapid concentration
of the protein substances. In a static apparatus with
uniform stirring it is observed that at a certain degree of

concentration a film is formed on the surface of the
membrane which becomes less and less permeable, and
which obviously hinders filtration. An appropriate tur-
bulence can be obtained by stirring means.

In the embodiment of the invention which uses mod-
ular apparatus, each module may consist of two mem-
branes placed one opposite to the other and supported
respectively by a porous frame. The two membranes
may be for instance separated by a gap of a few millime-
ters. In that case, the feeding of the liquid dairy by-pro-
duct under pressure (for instance 5 kg/cm?) is made into
said gap. Because of the thinness of the gap, a laminar
flow of the liquid dairy product is formed between the
two membranes.

The concentration of the proteins in the liquid reten-
tate product supplied by the process is adjusted to a
value in the neighborhood of that found in the type of
cheese which it is desired to manufacture. For a given
type of membrane and a given surface of membrane the
desired concentration, or enrichment, in proteins is
obtained by varying, for example, the time during
which the starting liquid dairy product passes through.
In this case, the composition of the concentrated liquid
product may be controlled by measuring a parameter
such as protein content, water content, mineral salt
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content, lactose/protein ratio, total nitrogen material/-
total solid ratio, etc., or any other physical or chemical
property characterizing the desired liquid retentate
product in combination with known control techniques.
Alternatively the type of membrane or the surface area
of the membrane may be varied.

The process of the invention leads to a new liquid
retentate product, or liquid enriched cheesemilk in
which the protein, lactose, mineral salt and solid con-
centrations and finally the overall composition of which
are substantially those of the desired drained cheese.
This new product may be either converted immediately
into cheese by the addition of appropriate substances
such as rennet, lactic starter, salt, etc. or kept at a low
temperature for subsequent processing or transport to a
cheese processing plant which may be located else-
where. This new liquid retentate can be used to manu-
facture all types of cheese.

The invention makes it possible therefore to obtain
cheese having a uniform weight and composition and
thus possessing a priori, the best chances for their orga-
noleptic qualities to remain constant. Whey drainage
being substantially no longer necessary, it also becomes
possible to retain at will in the cheese one component or
another from the milk which could be of interest from
the organoleptic viewpoint, or from a nutritional or
technological standpoint.

With substantially no more whey drainage, it also
becomes possible to add to the liquid retentate obtained
according to the invention the aids normally used in
cheese making, such as rennet, lactic starters, salt, col-
oring matter, etc., in a definite dose, and very much
below, particularly as far as rennet is concerned, the
amounts that are normally used in standard cheese man-
ufacturing processes. It also becomes possible, economi-
cally to add to the liquid retentate natural substances,
particularly enzymes intended to direct and accelerate
the subsequent ripening processes, as well as substances
having nutritional or taste benefit, that are not present in
milk.

The retained new liquid retentate leads itself to the
making of all types of cheese because it is possible to
adjust as desired the composition and the concentration
of each of the components at corresponding values
required to make the cheese desired. It is also possible to
modify the retentate to create new types of cheese or
milk beverages using the process of this invention.

It also becomes possible to effect the preparation of
the liquid retentate at points located in the vicinity of
the places of production of the milk (e.g. farm, cow
shed) and thus effect appreciable savings, particularly
where transportation costs are high. Such an arrange-
ment makes it furthermore possibie to process the milk
while it is in a perfect state of freshness, an essential
condition for maintaining the quality of the cheese ob-
tained subsequently. |

It should be noted that there is no departure from the
scope of the invention if, instead of concentrating cer-
tain milk constituents such as traditionally used in
cheese manufacture, these same elements are concen-
trated from by-products from milk, such as buttermilk
and whey. By means of the invention, the technological
operations leading to the extraction of lactose from milk
becomes much simpler.

‘The following is a generalized illustrative embodi-
ment of certain aspects of the invention.
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A. The production of “Drained Cheesemilk”

The skimmed milk (raw or heat treated) at a tempera-
ture of about either 4° C. or 50° C., depending upon the
experiment being conducted, is ultrafiltered through a
semipermeable membrane having such a permeability
that only the soluble elements of milk, that is to say
essentially lactose, soluble mineral salts and non-protein
nitrogen substances, can pass through the membrane.

As a result of this operation two liquids are obtained:

S
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(1) a first liquid passing through the membrane and

which, for this reason, is called the ultrafiltrate. Said
liquid flowing constantly into a vessel. This liquid re-
sembles “whey” but is devoid of protein substances and
of the substance (caseinomacropeptide) which the ren-
nin splits off from the Casein molecule during the coag-
ulation of milk (casein is the main protein component of
milk).

(2) a second retained liquid not passing through the
membrane, or “retentate”, which is a milk enriched in
proteins (enriched in Casein and enriched in Non-
Casein proteins). Said liquid remaining in the apparatus
and circulating at high speed in contact with the mem-
brane during the entire operation, it is collected at the
end of the operation. | |

The ultrafiltration operation is continued until the
total protein content of the “retentate” is sufficiently
high, corresponding, in the case of soft cheese, to a total
content of nitrogen substances (proteins-+ non-protein
substances) of 17 to 24 g per 100 g of “retentate” instead
of 3 to 3.4 g normally present in 100 g of milk as it is
secreted by the cow’s udder.

The product thus obtained is a liquid retentate which
can easily be subjected to any measurement of weight,
volume, etc. and to various manipulations. Its volume
and weight are about one fifth to one seventh of those of
the starting milk used. It is possible to keep it for several
months at —30° C.: experiments have shown that
cheese manufactured from such long kept “retentate”
are no different from the cheese manufactured from the
fresh “retentate”, i.e. one used immediately after it 1s
produced. It is also possible to transport the hquid *“re-
tentate” as it is obtained or after it is dehydrated.

The retentate, the pH of which is the same as, or
hardly any lower than, that of the starting milk, 6.6 for
instance, is heated to a temperature of about 30° to 32°
C., and the necessary amount of fresh, unaltered, non
rancid cream having in general a fat content in the
range of 55 to 65 g per 100 g of cream, was added to it
so that the “fat content/total solids content ratio of the
final cheese” was of the desired level for instance 45%
or 50%.

After thorough mixing of the cream and of the liquid
retentate a ‘“‘drained cheesemilk” product 1s produced.

B. conversion of the “Drained Cheesemilk” into Soft
Cheese.

Either 2% of a conventional lactic acid starter pre-
pared on milk, or 0.02 percent of a mixed frozen con-
centrated suspension of lactic acid bacteria (Streptococ-
cus lactis and/or Streptococcus cremoria with Streptococ-
cus diacetilactis) are added to the liquid drained cheese-
milk.

After the drained cheesemilk has acidified to a pH of
approximately 6.1, a few mg of a preparation of Penicil-
lium caseicolum spores was added and then the required

amount of commercial rennet (of a “strength” of
1/10,000).
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A predetermined amount of drained cheesemilk, for
example between 300 and 400 g was then placed in

‘molds having the final shape of the soft cheese, such as

molds with a bottom 115 mm in diameter and 35 mm in
height. Coagulation occurred within 7 to 10 min. after
the addition of the rennet. It was followed by a very
rapid hardening of the curd and, 30 min. after coagula-
tion, the cheeses were removed from the molds, placed
on slats in molds without bottoms of the same size as the
previous one and kept for 14 to 16 hours, during which
time their temperature dropped progressively from 30°
to 17° C.

The cheeses were then treated under normal conven-
tional conditions for soft cheese manufacture, that is to
say they were salted and then ripened in a ripening
cellar. | |

The following examples are given to illustrate the
invention.

EXAMPLE 1

In separate experiments 400 ml of skimmed milk, both
raw and heat treated at 70° C. for 2 minutes, were intro-
duced into an ultra-filtration cell, available on the mar-
ket under the trade name “AMICON Model 4017, fitted
with an AMICON UM 20 E” or XM 50 or XM 100
membrane, with an area of 45.36 cm?, the milk having
been cooled before hand to 4° C.

The cell was pressurized with nitrogen gas. The gas
pressure was increased progressively to 5 kg/cm? and
one started collecting the filtrate.

After 30 to 50 hours, according to the type of mem-
brane used, the pressure was raised progressively to 6
kg/cm?2.

After a total duration of 40 to 50 hours, beginning
when pressure was first applied to the cell, filtration was
stopped, and the liquid retentate was collected. It was
then either kept at +2° C. for 16 hours, or processed
immediately into cheese. The volume of the liquid re-
tentate was slightly less than 1/5 that of the milk used at
the start. Its nitrogenous matter content was slightly
more than 5 times that of the starting milk. Its total

solids content was of the order of 2 to 2§ times that of
the milk.

EXAMPLE 2

This example illustrates the production of a “Camem-
bert” type cheese from a liquid retentate prepared ac-
cording to example 1.

To 75 g of the product of example 1 were added 370
mg of CaCl,, the amount of concentrated cream re-
quired to obtain in the final cheese a fat to total solids
ratio of 45 to 50%, 0.2 g of concentrated lactic acid
starter, a few mg of Penicillium spores, 1 g of NaCl, and
after heating to 30° C. 0.08 ml of rennet. The whole was
thoroughly mixed. Coagulation took place in 5 minutes.
A maximum of 10 minutes after renneting, the cheese
was moulded in a room in which the relatively humidity
was 95%. The cheese was progressively cooled to 14°
C. 30 to 60 minutes after renneting, it was possible to
remove the cheese from its mold. Ripening was then
continued under normal processing conditions.

Soft cheese and all other types of cheese could be
produced in similar manner by adjusting the salt, fat,
protein and total solid content of the retentate to that
required to make the desired cheese.
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EXAMPLE 3

400 ml of ordinary cheese whey were mtroduced into

an ultrafiltration cell available on the market under the
name of “AMICON Model 401” equipped with an

“AMICON U M 20 E” membrane with a surface of
45.36 sq. cm., the whey having been cooled beforehand
to 2° C. -

The cell was submitted to a nitrogen gas pressure
reaching progressively 4 kg/cm? and one then started
collecting the filtrate. .

133 hours from the time when the cell was put under
pressure, filtration was stopped. The liquid retentate or
enriched cheesemilk was collected. Its volume was less
than 1/5 of the whey used at the start. Its nitrogen
content was approximately equal to 6 times that of the
starting whey. Its dry matter content was equal to 2}
times that of the whey. Its ash content was shghtly
above that of the whey.
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EXAMPLE 4

In various expenments 6000 ml of skimmed tmlk, raw
or heat treated at 70° C. for 2 minutes were introduced
into the tank of the ultra-filtration apparatus available

on the market under the name of “AMICON Model 25

TC1” equipped with an “AMICON U M 20 E” or
“AMICON PM 307, or a polyvinyl chloride -or poly-
acrylonitrile base membrane manufactured by Societe
Rhone-Pouleane, the membrane had an actual operating
area of 116 sq. cm. Before being introduced into the
tank, the milk had been either cooled to 2° C. or raised

30
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To the liquid retentate, enough cream was added to
obtain a “drained cheesmilk’ of the desired composition
and this latter product was converted into cheese of the
Camembert or Reblochon type by adding to it the re-
quired aids, such as lactic starters, rennet, etc. and by
subjecting it to the sequence of process operations cor-
responding to the type of cheese desired for example by
subjecting it to molding, with or without pressing. For
example, pressing would be used in making the Reblo-
chon type cheese.

More specifically the amount of concentrated cream
necessary to obtain in the final mixture a Fat/Total
Solids ratio of approximately 50% was added to the
retentate; then a “Reblochon type” starter composed of
a mixture of micro-organisms (3 lactic Streptococcus
strains; Monilia spores) was also added (2% of the vol-
ume of “drained cheesmilk”). The products were care-
fully mixed, warmed to 37° C. and 0.03% of rennet
(strength 1/10,000) was added and the mixture was
poured into a mold. Thirty minutes after clotting has
occurred the mold, was removed, the cheese was
wrapped in cloth and pressed. All the subsequent opera-
tions (turnover, putting a new cloth, salting, ripening)
were carried out under normal conditions and a Reblo-
chon type cheese was thus obtained.

EXAMPLE 5

- The results obtained with the: processing of milk by
ultrafiltration will now be discussed in greater detail.

A. In trials 1 to 8, summarized in Table 2, the opera-
tion was carried out at a temperature of 4° C. or less.

TABLE 2

The composition of products obtained with low temperature

ultrafiltration treatment of milk

- Number of the trial 1 2 3 4 5 6 7 8
Milk TS* 8.87 893 896 906 925 992 882 8.86
T.N.M.** 3.16 3.15 318 321 333 309 326 333

Ash 0.73 075 075 — —_ — — —

Retent- T.S. 28.84 28.40 24.10 23.24 27.52 28.35 23.61 23.31
ate Concentration factor for T.S. 33 32 27 26 30 29 27 2.6
T.N.M. 18.46 1696 16.26 15.81 20.14 15.66 16.55 16.35
‘Concentration factor for T.N.M. 58 54 51 49 60 351 51 4.9

Ash | — 199 184 — — — —
T.S. 489 4.64 439 ' 6.36 5.48 555 5.38
Ultra- T.N.M. 014 017 0.13 0.12- 0.13 0.18 0.18

filtrate N.P.N. X 6.38¢e*

Ash

013 012 012 012 0.3
045 046 048 — —

*T.S. = Total Solids (dry extract)

**T.N.M. = Total Nitrogen (material)
***N.P.N. = non-protein Nitrogen

to a temperature between 45° and 50° C.

The vessel containing the milk was subjected to a
nitrogen gas pressure of 34 kg per square cm. The milk
.was forced to flow at a rate of the order of 2 to 3 liters
per minute in the vicinity of the membrane and the
filtrate was collected.

At the end of a filtration period which varied from 7
to 30 hours, starting from the time when the apparatus

S0
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was put under pressure which varied according to the

type of membrane employed and the temperature used
for the experiment, the liquid retentate was collected. It
was then either kept at or cooled to 2° C. and held at
this temperature for 16 hours, or heated to 30° C. and
processed immediately into cheese. The volume of lig-
uid retentate was slightly less than 1/5 of the milk used
at the start. The nitrogen matter content was a little
more than § times that of the starting milk. Its total solid
content was of the order of 2 to-3 tu:nes that of the milk
used at the start.

65

The amounts of milk treated per trial ranged from 0.4
kg to more than 1000 kg for membrane surfaces varying
from 0.39 dm?2 to 420 dm2. In order to define an opti-
mum level of total nitrogen matter (T.N.M.) in the
“drained cheesemilk”, various levels of T.N.M. in the
“retentate” were tested.

The apparatus used for trials 1 to 3 were laboratory

ultrafiltration cells. Uniform stirring of the entire liquid

mass undergoing ultrafiltration is not fully obtained
with said cells. Under such conditions, approximately
70 kg of liquid were treated per day and per m? of mem-
brane. |

In the apparatus used for the later trials (4 to 8) the
liquid to be ultrafiltered was circulated in a thin layer
(thickness varying from 0.75 to 4 mm) parallel to the
membrane surface. The amount of milk processed per
day and per m? of membrane increased in substantial
proportions. In a same type of apparatus (trials 4 and 5
for instance), the differences observed were due to the




4,205,090

15 -
particular ultrafiltration properties of each type of
membrane and/or to the differences in the condition of
operation, such as variations in the flow rate of the
liquid along the membrane or to temperature variations
occurring during ultrafiitration.

The Total Solids (T.S.) content of the ultraﬁltrate
obtained varied with the type of membrane used. It was
substantially lower with type “a” membranes (average:
4.76 g percent) than with the other types of membranes
(average: 5.42 g percent).

The level of Total Nitrogen Matter (IN<6.38)
(T.N.M.) in the ultrafiltrate increased slightly as ultrafil-
tration proceeds (and consequently as the protein con-
tent of the “retentate” became higher), but it was solely
Non-Protein Nitrogen: in fact this level was identical to
that of the N.P.N. determined simultaneously on each
of the ultrafiltrate fractions obtained.

The amount of ultrafiltrate obtained per hour de-
creased considerably when the T.N.M. of liquid reten-
tate/T.N.M. in the retentate reached a level of approxi-
mately 15 g per 100 g of retentate. |

B. Ultrafiltration trails with milk carried out at a
temperature of about 50° C. will now be described.

The most representative results of the trials carried
out in this temperature zone of about 4° C. and 50° C.
are given in table 3, set out below.

TABLE 3

Variation in the composition of the retentate and ultrafiltrate
during 2 low temperature ultrafiltration trial (1)

Retentate Ultrafiltrate

"Milk Ri* Ry* R3* Up** Up** Us**
T.S. (g.p. 100) 9.06 973 11.23 2324 490 519 5.70
Lactose (g.p. 100) 456 455 466 405 3.87 426 464
T.N.M. (g.p. 100) 3.21 392 507 1581 — - —
N.P.N. X 6.38 013 0.14 0.13 015 — — —

(g.p. 100) .
*The 2nd and 3rd retentate fraction
**The 2nd and 3rd ultrafiltrate fraction
(1) Membrane b
Temperature 2° C. - Duration 31 hr 45.
TABLE 4
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If these results are compared with those obtained at 4°
C., it will be seen that a very much larger amount of
milk is ultrafiltered at 50° C. per day and per m? of
membrane than at 4° C. The magnitude of this increase
in the output depends upon the type of membrane and
apparatus used. With type “c” membranes (trial 12), the
amount of milk treated per day and per mZ of membrane
amounted to about 1600 kg, corresponding to three
times the amount of milk treated under the same condi-
tions with the same apparatus and the same membrane
at low temperature (trial 5). The differences observed in
the performances are related to the nature of the mem-
branes and to the hydrodynamic characteristics of the
apparatus. |

The composition of the products obtained at 50° C. is
practically identical to that of the products obtained at
low temperature. The only difference lies in the amount
of nitrogen substances in the ultrafiltrate. This amount
increases slightly and moreover in a different manner
according to the type of membrane used, owing to a
small quantity of non-casein protein passing through the
membrane at the end of ultrafiltration. However, the
amount of said substances thus passing into the ultrafil-
trate only represented a very small proportion of the
total nitrogen substances (T.N.M.) of the milk, iess than
1 percent with suitable membranes, the filtering proper-
ties of which remain practically unaitered when main-
tained at 50° C. even for a long period of time.

The variation of the Total Solids content in the ultra-
filtrate is comparable to that observed at low tempera-
ture.

C. Processing of the retentate into cheese

Table 6 shows the proportions of Total Solids and
Total Nitrogen Matter contained in the milk used which
remained in the liquid retentate and ultrafiltrate in the
different trials.

Characteristics and results of milk ultrafiltration treatment trials
at temperatues of approximately 50° C.

TRIALS

9 10 11 12 13 14 15 16
Membrane c b b C e e d d
Membrane surface (in dm?) 039 039 14 1L16 116 56 420 420
Pressure (in bars) 5 5 3 5 5 3 3 3
Temperature (in °C.) 48 45 50 50 50 50 50 50
Duration (in hr. and min.) 7.15 12.25 6.35 10.36 10.10 7.00 7.45

8.10
Amount trial (in kg) 0.4 0.4 2.0 5.0 5.0 78.4 2500 276.5
of milk
processed (in kg/day/inz)" 339.5 307.7 266.7 1591.5 985.2 331.0 2040 2039
*kg/day = in kg of milk processed per day and per square meter of membrane

TABLE 3

The composition of the products obtained during milk uitrafiltration
treatment at a temperature of approximately 30° C.

Number of the trials 9 10 11 12 13 14 15 16
Milk T.S.* 904 895 9.18 937 973 863 862 95.0)
T.N.M.* 324 322 328 343 379 326 122 3%
Ash* 0.70 — — —— —— e —_
Retent- T.S.* 23.65 2541 2643 2500 25.52 23.26 28.19 23.95
ate Concentration factor for T.S.* 26 28 29 27 26 27 33 2.7
Concentration factor for T.N.M.** 50 57 57 51 48 50 6.6 52
T.N.M.* 16.11 18.20 18.63 17.58 18.33 16.32 21.19 17.80
Ultra- T.S.* 546 559 567 574 564 — 560 5.54
filtrate T.N.M.* 015 016 0.18 019 029 — 0.20 0.20
N.P.N. X 6.38 0.14 0.14 €15 013 019 -— —_ —_—

.........
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The composition of the products obtained during milk ultrafiltration
treatment at a temperature of approximately 50° C.

Numberof thetrals 9
Ash 0.43

10 11

12

13 14 15 16

2 All these results relate to the T.S., T.N.M., and ash contents and are given in g of T.S., T.N.M. or ash per 100 g of milk,

retentate or ultrafiltrate.

¢ The concentration factors are the ratios between contents : concentraton factor for T.8./T.N.M. retentate/T.S. milk

and concentration factor for T.N.M. retentate/T.N.M. milk.

~ In the case of Total Solids, an average of 51 percent
was found at low temperature and of 50 percent at a

temperature of about 50° C. This proportion was, of {5

course, higher for Total Nitrogen Matter (95 percent) as
only (at 2° C.) or almost only (at 50° C.) the Non-
Protein Nitrogen Substances of milk (which amounts to
about 5 percent of the Total Nitrogen Matter of milk)
pass into the ultrafiltrate. It should moreover be noted
that a certain amount of these same Non-Protein Nitro-
gen Substances remain in the retentate, this amount
being pmportlonal to the water content of said reten-
tate.

A relatively small amount of “whey” (a “whey with
a high protein content) still drains from the curd, after
coagulation of the “drained cheesemilk” has taken
place; it represents about 8% by weight of the “drained
checsemilk”. It is known that the amount of whey
which exudes and is drained off from coagulated milk
under usual conditions is very much higher, as it
amounts to about 85 percent by weight of the coagu-
lated milk. These two figures, 8 and 85, are highly sig-
nificant of one of the main differences which distinguish
the new process from the conventional cheese-making
technique in as far as syneresis and the whey drainage
process are concerned.

The Total Solids content of this “high protein whey”
which drains from the curd (about twice that of a con-
ventional whey) and its content in Nitrogen substances
(6 times that of a conventional whey).

Table 6 gives the T.N.M.&T.S. content of the reten-
tate.

TABLE 6

Pmpcrtmn of total nitrogen materials and the total dry substance
of milk retained in the retentate
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The fat content is identical to that of a conventional
whey obtained in soft cheese manufacture.

As the whole of the “high protein whey’” which
drains off from the curd represents about 8% by weight
of the “drained cheesemilk” and as this “whey”’ has an
average T.N.M. content of 5 g per 100 g of “whey”, the
amounts of nitrogen substances which come out from
the “drained cheesemilk” represent about 2% of the
Total Nitrogen Substances of the skimmed milk used
(1.6 to 1.7 kg of skimmilk per cheese). It will finally be
observed that 93% (95%-2%) of the Total Nitrogen
Matter of the skimmed milk remains in the cheese. This
figure of 93% should be compared with the figure of
T7% which is the proportion of said same Total Nitro-
gen Matter passing from the milk into the cheese during
conventional manufacture of soft cheese. The gain
therefore appears to be quite substantial. Concerning
the Solids Not Fat expelled in this same “High Protein
Whey” from the “drained cheesemilk” they represent
about 4% of the solids of the skimmed milk used. There-
fore, 47% (51%-4%) of the solids of the skimmed milk
used is found in the cheese obtained according to the
instant process. This figure of 47% should be compared
with that of 39% obtained for cheese of the same type
and having the same water content made in the conven-
tional way. The gain in Solids Not Fat therefore also is
quite substantial.

EXAMPLE 6
This example in combination with FIG. 2 shows
during one test how skimmed milk plus cream are pro-
cessed into cheese according to the process of the in-
vention, with preliminary ultrafiltration of the milk.
100 kg of skimmed mik (T.S.32 8.8%

T.N.M.=3.2%) was used, and 16.4 kg of retentate was
obtained, having the following characteristics:

Number of the trials 1 2 3 4 5 7 8 Average

T.N.M. retentate X 100 96 95 96 95 95 95 96 95

T.N.M. milk used T.S. 27.1 g%

T.S. retentate X 100 53 53 49 51 50 49 51 51 50 T.N.M. 19.1 g%

T.S. milk used -

Number of the trials 9 10 11 12 13 15 16 Average 5.5 kg of good fresh cream (fat content: 67.4 g %) was
T.N.M. retentate X 100 96 96 95 9 94 95 95 95 - added to the retentate, giving 21.9 kg of “drained
T.N.M. milk used | cheesemilk” (T.S. 39.5 g %, Fat/T.S. ratio: 50.2%). To
T.S. retentate X 100 50 48 48 50 51 48 51 50 55

T.S. milk used

The high content in Nitrogen Substances in the reten-
tate is due (1) mostly to the non casein proteins retained

this ‘“drained cheesemilk” were then added 0.4 kg of
lactic starter, a few mg of a preparation of Penicillium

spores and 5.2 ml of rennet (“strength”: 1/10,000). Fi-
nally 21.0 kg of a cheese was obtained having the fol-
lowing characteristics:

in the liquid retentate, together with the casein during 60

ultrafiliration and (2) also to the Nitrogen Substances

split off from the casein by the rennet (caseinomac- T.S. ‘ 41.0 g%
ropeptide) which would normally (in the conventional Fat/Tota) Solds: 211 8%
procedure) be expelled in the whey, (very little of them

remaining in the curd), but which are here mostly re- 65 were obtained.

tained in the curd, because only such a small proportion
of the “high protein whey” is expelled from the curd
(8% versus 85%). |

During this tnal, 5.2 ml of commercial rennet (of a
strength of 1/10,000) was used for the coagulation of
21.9 kg of “drained cheesemilk” obtained from 105.5 kg
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of the starting products (100 kg skimmed+35.5 kg
cream). To coagulate the equivalent of 100 kg of start-
ing milk, 5.0 ml of rennet would therefore be required.
This amount is only 2 or 1/5 of the amount normally

20
TABLE 8

Characteristics and results of the treatment of goat’s milk
by ultrafiltration

: .l Trials 17 18 19
necessary (20 to 25 ml) with the traditional cheese mak- 5 V—— -
. . . cmoranc C C
INg process. Varlops tests have shown that this amount Membrane surface in dm2 (16 L16 116
of rennet could still be further reduced and represent  pressure in bars 35 3.5 —
only 1/6 of the amount normally used in soft cheese = Temperature at °C. 2°C. 50°C. 50" C.
mmufacture_ Duration in hours - minutes 30 5 18
Table 7 gives the results of several series of trials in 10 Amc‘;‘;";;fd’;‘;lk treated: per trial (in kg) 2'103 " ';"575‘; ) :(1,;109 )
which the ch?eses were weighed 24 hours after manu- TD.E. ingp 100 g 838 838 877
facture, that is to say, 24 hours after the addition of ~ TNM.ingp100g 3.27 327 295
rennet to the “drained cheesemilk”. Milk NPN. (N X 638)ingp100g 044 044 043
TABLE 7
Weights of cheese determined 24 hr. after the addition of rennet
to the drained cheesemilk.
Dates of trials 22 0ct. 220ct. 220ct. 11 Jan. 11 Jan. 11Jan. 15 Oct. 15 Oct.
350 344 350 368 367 367 343 356
348 346 350 367 367 368 343 357
349 345 350 368 367 368 345 358
348 345 347 367 367 368 345 357
350 344 349 368 368 368 346 360
349 344 350 367 367 367 34 358
350 344 352 367 368 368 343 358
349 345 350 367 367 367 343 358
349 344 351 368 368 368 344 358
349 344 349 368 369 369 44—
Average 349.1 3445 3498 3675 3675 3678 3440 3578
Variance 0.5 0.5 1.7 0.3 0.5 0.4 1.1 1.2
Standard deviation 0.7 0.7 1.3 0.5 0.7 0.6 I.1 1.1
C.V. in percent 0.2 0.2 0.4 0.1 0.2 0.2 0.3 0.3
: vty 9 - - Casein (p. 100 T.N.M. 73.7 737 —
The amounts of “drained cheesemilk” in the molds  Retentate T.D.E.(ii pp 100 g ) 27.51 2301 31.88
was varied from one trial to another but, within each | T.NM.ingp 100 g 19.23 15.35 17.55
trial, the amount of “drained cheesemilk” remained  Ultrafil- T.DE.ingpi00g 3.9 5954 464
constant trate NPN. (N X 638)ingpl100g 03 0.3 0.28

It can be seen that the variations in the weight of
cheese was no greater than 3 g, the standard deviation
being 0.9 g and the variation coefficient from 0.2 to
0.4%.

With the conventional cheesemaking process, the
deviations in weight between cheeses of the same batch
were as much as, and often greater than, 30 g, the stan-
dard deviation being 12 g and the variation coefficient
4%.

The organoleptic qualities were determined by dis-
tributing to a taste panel samples of soft cheese made
according to the ultrafiltration process of this invention
and other samples of cheeses manufactured according
to the conventional cheese making process, the latter
having been prepared in several factories making soft
cheese in Western France.

The traials showed that both categories of samples
were given the same scores by the experts as far as
organoleptic qualities, such as aroma, taste, texture, are
concerned. Although differences were observed be-
tween certain batches, no systematic difference could
be detected between conventional cheese and ultrafil-
tration cheese.

EXAMPLE 7

The manufacture of goat’s milk cheese.

Skimmed goat’s milk (3760 ml) was poured into the
tank of an apparatus available on the market under the
name of “AMICON MODEL TC 1” equipped with an
“AMICON PM 30” membrane having an actual operat-
ing area of 116 sq.cm. Before being introduced into the
tank, the milk had either been cooled to 2° C. or heated
to 50° C. (Table 8)
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The tank containing the milk was put under a pres-
sure of 3.5 kg nitrogen per square cm. The milk was
circulated in contact with the membrane at a flow rate
of about 2 to 3 liters per minute. The ultrafiltrate was
collected under normal conditions.

After less than 30 hrs. at 2° C. or less than 5 hrs. at 50°
C., the liquid retentate having a T.N.M. content of
19.2% at 2° C. or 15.4% at 50° C. was collected and the
amount of concentrated cream necessary to obtain a
Fat/Total Solids ratio of 45% in the final mixture i.e.
the “drained cheesemilk” was added to it. A concen-
trated suspension of lactic acid bacteria (5 g), a few mg
of Penicillium caseicolum spores and 0.06 mg of rennet
(of a strength of 1/10,000) were also added after warm-
ing the “drained cheesemilk’ to 21° C. The mixture was
molded, maintained at 21° C. for 16 hrs. to 20 hrs., the
mold was then removed and the cheese was ripened
under normal processing conditions.

EXAMPLE 8

The manufacture of fresh cheese.

An amount of concentrated cream necessary to ob-
tain in the final mixture a Fat/Total Solids ratio of ap-
proximately 40% was added to the liquid retentate ob-
tained in the manner described in example 4. The mix-
ture was heated to 72° C., maintained at this tempera-
ture for 2 minutes and then cooled to 24° C. A concen-
trated suspension of lactic acid Bacteria (1 Acidifying
Strain, 1 Aromatic Strain), and 0.002% rennet (of a
strength 1/10,000), was then added to it. The product
thus obtained was maintained at ambient temperature
for 24 hours. The curd was then ready to undergo all
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the normal processing operations used in fresh cheese
making, such as homogenizing, addition of coloring
matter, flavoring, etc.

EXAMPLE 9

Manufacture of a “lisse” (homogenized) type of fresh
cheese.

Six hundred kg of raw sklmrmlk were mtroduced in
the circulation tank connected to the ulirafiltration
apparatus sold on the market by the firm D.D.S. (Den-
mark). This apparatus was fitted with D.D.S. mem-
branes made of cellulose acetate and having an area of
4.0 sq. meters. The milk temperature was 2° C. When
three hundred kg of permeate (ultrafiltrate) were ob-
tained, the ultrafiltration was discontinued.

One hundred kg of the liquid retentate obtained at the
same time was heated at 76° C., maintained at this tem-
perature for 20 seconds then cooled to 20° C. and main-
tained at this temperature. Two percent of a lactic acid
Bacteria starter and 1 ml of rennet (strength 1/10,000)
were added. The mixture was carefully mixed. Eighteen
hours after this addition, 8.5 kg of pasteurized cream
having a fat content of 43.5% was incorporated in the
curd with the aid of a pump (P.C.M. pump).

Then, the mixture was introduced in a “lisseuse”
apparatus L.e. homogenized, packed and cooled to 4° C.,
and maintained at this temperature until consumption.

EXAMPLE 10

Manufacture of a “faisselle” type of fresh cheese.

Into one hundred kg of the same liquid retentate
obtained in the preceding example 9, we added 8.5 kg of
raw cream having a fat content of 43.5%. The mixture
was heated to 75° C. for 20 seconds and homogenized at
a pressure of 90 kg/cm?, then cooled to 20° C. A lactic
acid bacteria starter (1.5%) and rennet (0.5 ml strength
1/3,000) were added and carefully mixed with the
“drained cheesemilk”. |

‘Twenty hours after the addition of rennet, the curd
was distributed, with care, into “faisselle pots”. Those

pots were cooled to 4° C. and maintained at this temper-
ature until consumption.

EXAMPLE i1

Manufacture of a Saint Paulin Cheese.

12 kg of raw skimmilk cooled to 2° C. were poured
into the tank of an ultrafiltration apparatus sold by Ami-
con (USA) and fitted with “hollow fiber PM 30 mem-
branes”. When 6 kg of permeate (ultrafiltrate) were
obtained, 6 kg of pure water were then slowly added.
After this addition of water, 10 more kgs of permeate
were again obtained and the liquid retentate was then
.collected.

To one kg of this liquid retentate with a T.N.M. con-
tent of 21.3 g p. 100 g of Liquid retentate and a T.S.
content of 26.9 g p. 100 g of liquid retentate 300 g of raw
cream with a high fat content (68 g p. 100) was added.
The mixture was heated to 72° C., maintained for 20
seconds at this temperature and cooled to 34° C. Two
percent of a lactic acid bacteria starter and 0.2 ml of 60
rennet (strength 1/10,000) were added and carefully
mixed. The mixture was distributed into molds. One
hour after the addition of rennet, the curd from each
mold was put into a cloth, and pressed. Then the
cheeses were treated under the same conditions as in 65
normal practice for this Saint Paulin type of cheese.

The above detailed description shows that one of the
main characteristics of the cheese manufacturing pro-
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cess of the invention is to considerably reduce the whey
drainage process, an operation necessary to obtain con-
ventional soft cheese.

This results in a notable increase in the “yield” of the
conversion of milk into cheese due, notably, to the
retention of non casein proteins in the cheese, such as
B-lacto globulin, a lactalbumin, etc. that are removed
with the whey in the prior art cheese making processes.

In the conventional cheese making process, said pro-
teins (about 4.5 g per kg of lmlk) do not coagulate under
the action of rennet and remain in solution in the whey.
As this whey is expelled from the cheese in a proportion
of 80 to 90%, the protems in cheese come essentially
from the caseins, that is to say the proteins which, con-
trary to the aforementioned ones, coagulate under the
action of rennet. The small amount of non casein prote-
ins remaining in conventional cheese corresponds to the
amount of whey retained in this cheese, and thus only
amounts to about 1/10 or 1/5 of the amount of non
casein proteins contained in the initial milk.

With the ultrafiltration process, on the contrary, the
non casein proteins were entirely or almost entu'ely
retained in the liquid retentate and then, therefore, in -
the “drained cheesemilk”, the whey drainage out of said
“drained cheesemilk” (after clotting has occurred) is in
practice very slight compared with that of the conven-
tional process. For this reason, although the non casein
proteins do not clot with rennet, a high proportion of
them remain in the final cheese product.

As 1o the nitrogen substances (caseinomacropeptide,
etc.) which are split off from the Kappa casein by the
rennet when clotting occurs, they obviously also remain
in the cheese instead of being removed with the whey as
normally occurs in the conventional process. This
means that about 1 g of nitrogen compound substances
is retained in the cheese per kg of milk used.

The analytical results obtained with the milk, the
liquid retentate, the ultrafiltrate, the “drained cheese-
milk” the cheese and, finally the smali amount of
drained “high protein whey” confirm this characteris-
tic.

For a number of years non casein proteins have been
reincorporated into cheese; by heating the whey up to
about boiling point under suitable pH conditions, a
portion of the non casein proteins is precipitated, and
can be decanted or, preferably, be centrifuged. But,
with this process, only a portion of the non casein prote-
ins of the milk is recovered, and also they are modified
by the heating which they had to undergo. Experience
has shown that the incorporation of too much of these
heated non casein proteins into the cheese does not have
a good effect on its organoleptic qualities (notably on its
texture). In the case of ultrafiltration (at 2° or even 50°
C.) the non casein proteins do not undergo any appre-
ciable modification and their presence in the cheese has
no detrimental effect on the organoleptic qualities of the
cheese.

In soft cheese making, the whey contains a certain
amount of fat (about 0.1%) representing a “loss” of 3 to
4% of the fat present in the starting milk. Said fat could
be partly recovered by passing the whey through a
separator to skim it. But whey cream does not possess
the same organoleptic qualities which are so highly
valued in cream from milk, and the skimming operation
represents an additional expense; so very often the
whey of soft cheese is not skimmed.

In the process of this invention, the addition of cream
to the liquid retentate to obtain the “drained cheese-
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- milk” and clotting, followed by a limited whey drainage -

- process, considerably reduces the loss of fat in the
whey. | |

- By suitably adjusting the cumposmun of the' “drained

cheesemilk” from the point of view of Fat/Total Solids

- ratio, a cheese is subsequently obtained having the exact

“amount of Total Solids and Fat required by law. The
“safety margin” which the manufacturer has to allow
for in the conventional technique and which represents

~ a loss due to the lack of precision of the said conven-

- tional technique, is thus reduced..

The increased yield resulting from the mcorporatlon

 of the non casein proteins and of the caseinomacropep-
~ tide, the suppression of loss of Fat and Total Solids

represent one of the most notable advantages of the
ultrafiltration process applied to make soft cheese.

. The increased yield resulting from the incorporation -
of non casein proteins and other nitrogen compound
substances also results in the use of a larger amount of
20
correspondingly reduces the amount of butter to be

Fat in .the cheese, per liter of milk processed, which

- manufactured by the diary. In the present economical
- context this reduction appears to be an advantage.

The increase in the amount of milk fat used in cheese-
-making can have other consequences on the. “breading

of milch animals”. Indeed, as things are at the moment,
milk, as it is produced by the milch animal, has, in many
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product for the manufacture of the so-called fresh
cheese whose solids not fat content is lower than, or

“equal to, that of soft cheese. L

“As for soft cheese, the: process enables non casein - -
-proteins to be added to the casein without any use of

~ drastic heating which would modify these proteins. -

- Then again, the whey drainage can be considerably

- reduced, if not completely suppressed, and the produc-

tion and manipulation of large amounts of acid whey,

‘with all the various drawbacks which this entalls (cor- -

‘rosion, lot of work for cleaning, etc.). o

Our experiments show, on the othcr hand, that the

organoleptic qualities of the products obtained are com-

parable to those found in conventional soft and frcsh B
‘cheese. o _

(b) ultrafiltration and preparatlon of the draine d L .

~ cheesemilk were successfully carried out with goat’s
- milk. It is known that goat’s milk contains proportion-

ally less casein and more whey proteins than cow’s

-milk. Therefore, a still greater increase in cheeseyield -
- (compared with the conventional process) is obtained ===~
‘than with cow’s milk. Results of typlcal trials are given

' 1n Table 8.

25

~cases and notably in that of the manufacture of soft

- cheese, a Fat/Protein Ratio too high for the require- =
30
through appropriate cattle breeding would only appear

“ments of cheese making. A modification of this ratio

. to become effective after long and costly efforts. The

problem is solved to a certain extent when all the prote-
- 1ns in milk can be used for cheese. This improved “tech- -

nological” equilibrium between proteins and fat should
- also be taken into account when workmg out the diet of -

N milch animals.

A slightly hlgher level of lactose observed in some of
the experiments in the ultrafiltrate at the end of the
operation did not lead to any detectable defect in the
quality of cheese. But it is important to note that said
lactose content can easily be adjusted, if need be, by
adding a predetermined amount of water to the milk
either prior to ultrafiltration or during the ultrafiltration
itself: this was confirmed in several trails. In this way
the correct lactose content in the curd can be obtained;
this resulting also in a correct ratio of T.N.M./T.S. in

the liquid retentate as well as in the drained cheesemilk
and in the curd.

The fact that the amount of rennet necessary to clot
the drained cheesemilk is about 1/5 of that necessary to
clot milk indicates that the dose of rennet is a function
of the volume or weight of the milk or drained cheese-
milk but that the amount of casein present in one or the
other of said liquids has little or no influence on it. The
80% saving of rennet compared with the conventional
procedure lowers the cheese maker’s processing cost,
rennet accounting for about 0.2% of the wholesale price
of cheese, and can also contribute to solving the prob-
lem of the world-wide shortage of rennet.

The advantages resulting from the fact that whey
drainage is suppressed, that yield is increased etc., can
be noteworthy in cheese making processes other than
those related to soft cheese.

The process can, in fact, be advantageously applied to
all cheese having a Total Solids content approximately

that of soft cheese or lower. Some examples will be
mentioned:
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The process can also be used in the manufacture of -
-~ cheese having a Total Solids content higher than thatof
‘soft cheese, =

It should also be noted that the ultraﬁltrate, 1.e.

“whey” devoid of proteins, has the followmg advan- .

tages with respect to normal whey:

- that of having a pH of 6.5 and thcrcfore of notbeing =
too acid; the acidity of conventional whey usually pres- =
~ ents problems in as far as use of the whey for preparing =
- various by-products is concerned, and alsoin as far asit =~
promotes corrosion and raises cleansing difficulties. -
This new “whey” is therefore, on the whole, easierto
use and there is a possibility of using it as a starting

material for the preparation of other products. In any
case, it represents a smaller and less offensive potential
source of pollution than normal whey; the Biological
Oxygen Demand (B.O.D.) is in fact reduced by 20%
owing to the fact that this “whey” no longer contains
whey proteins.

The essential characteristics of the process and the
products obtained in this invention will be summarized.

By subjecting milk (preferably with fat removed) to
ultrafiltration with membranes, a liquid retentate is ob-
tained containing five to six times more proteins than
the starting milk. |

By adding an amount of high fat content cream to -
said product, a liquid drained cheesemilk is obtained
having substantially the composition of a soft cheese at
the end of whey drainage while remaining liquid.

A small amount of rennet, about 1/5 of the dose nor-
mally necessary for the same amount of cheese is suffi-
cient to obtain coagulation.

After ripening, the cheese has organoleptic qualities
comparable to those of control cheeses prepared ac-
cording to the conventional process.

The increased yield capacity of milk into cheese,
notably owing to the retention of whey proteins, the
reduction of losses of fat and non fat solids compared
with conventional process as well as other advantages
at the technological level, and the reduction of pollu-
tion by effluents, all represent very definite advantages.

- What is claimed is:

1. A process for making a fat containing rennet coag-

ulated cheese from milk, the cheese containing substan-

(a) the drained cheesemilk can be used as a basic = =
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tially all the casem and soluble protems of the milk,
which comprises =~ - . :

separating the milk by ultraﬁltratlon mto a ﬁltrate and
a liquid: retentate, by flowing the milk over semi-

permeable membranes by introducing said milk
into a series of modules, each consisting of porous

plates, each of said porous plates serving as a frame
for one of said semipermeable membranes and said
plates being separated by a specific interval to form
an interspace, whereby said milk is separated into a
filtrate, which is collected in spaces separating
pairs of consecutive modules, and into retentate
which circulates through said modules and be-
comes more concentrated in proteins as it circu-
lates, the semipermeable membranes having an
average pore diameter falling in the range which
will permit water, lactose and soluble mineral salts
contained in the milk to pass through the mem-
brane as a filtrate up to 30 mpu, the flow of the
liquid within the interspaces being sufficient to
hinder film formation on the surface of said mem-
branes which would prevent the flow of said wa-
ter, lactose and soluble mineral salts passing
through said membranes, said separation occurring
at a pressure of 1 to 50 kg/cm?, and such that sub-
stantially all the casein and soluble proteins of said
milk are retained in the liquid retentate;

continuing said separation until a free flowing liquid
retentate, collected separately from said fiitrate, is
obtained which has substantially the same total
protein concentration and non-protein soluble con-
stituents concentration as is known to exist in the
milk derived components of a desired natural
cheese at the end of the whey draining process, and
thereafter adding sufficient rennet to said retentate
to cause coagulation and cheese formation.
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2. The process of claim 1, wherein the liquid being

processed is maintained in a turbulent condition adja-
cent the semipermeable membrane.
3. The process of claim 1, wherein lactic acid starter,
is added to said retentate before addition of the rennet.
4. The process of claim 1, wherein said milk is con-
tacted with said semipermeable membrane under lami-
nar flow conditions.

5. The process of claim 1, wherein said milk is se-

lected from the group consisting of cows milk, goats
milk, and ewes milk.

6. The process of claim 1, wherein said membrane is
formed of a material selected from the group consisting
of cellulose acetate, polyvinyl chloride, polyacryloni-
trile and polyolefins.

7. The process of claim 1, wherein the milk subjected
to the process is skim milk and cream is added to the
retentate.

8. A process for making a fat containing rennet coag-
ulated cheese from milk, the cheese containing substan-
tially all the casein and soluble proteins of the milk,
wich comprises:

separating the milk by ultrafiltration into a filtrate and

a liquid retentate, by flowing the milk over semi-
permeable membranes by introducing said milk
into a plurality of porous tubes, each of said tubes
being lined inside with a semi-permeable mem-
brane, and wherein said filtrate is obtained by being
passed through said membranes and said porous
tubes, and is collected on the outer wall of said
tubes, and said retentate inside the tubes becoming
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more concentrated in proteins as it passes through
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said tubes, the semipermeable membranes having
an average pore diameter falling in the range which
will permlt water, lactose and soluble mineral salts
~ contained .in the milk -to pass through the mem-
brane as a filtrate 'up to 30 my, the flow of the
liquid within the:tubes being sufficienit to hinder
film formation on the surface of said membranes
which would prevent the flow of said water, lac-
tose and soluble mineral salts passing through said
membranes, said separation occurring at a pressure
of 1 to 50 kg/cm?, and such that substantially all
the casein and soluble proteins of said milk are
retained in the liquid retentate;

continuing said separation until a free flowing liquid

retentate, collected separately from said filtrate, is
obtained which has substantially the same total
protein concentration and non-protein soluble con-
stituents concentration as is known to exist in the
milk derived components of a desired natural
cheese at the end of the whey draining process, and
thereafter adding sufficient rennet to said retentate
to cause coagulation and cheese formation.

9. The process of claim 8, wherein the liquid being
processed is maintained in a turbulent condition adja-
cent the semi-permeable membrane.

10. The process of claim 8, wherein lactic acid starter
is added to said retentate before addition of the rennet.

11. The process of claim 8, wherein said milk is con-
tacted with said semipermeable membrane under lami-
nar flow conditions.

12. The process of claim 8, wherein said milk is se-
lected from the group consisting of cows milk, goats
milk and ewes milk.

13. The process of claim 8, wherein said membrane is
formed of a material selected from the group consisting
of cellulose acetate, polyvinyl chloride, polyacryloni-
trile and polyolefins.

14. The process of claim 8, wherein the milk is sub-
jected to the process is skim milk and cream is added to
the retentate.

15. A process for making a fat containing rennet co-
agulated cheese from milk, the cheese containing sub-
stantially all the casein and soluble proteins of the milk,
which comprises:

separating the milk by ultrafiltration into a filtrate and

a liquid retentate by flowing the milk over a first
face of a semi-permeable membrane by introducing
said milk into a module containing a porous plate,
said porous plate serving as a frame for said semi-
permeable membrane, and whereby said milk 1s
separated into a filtrate which passes through the
membrane and is collected in a space on the oppo-
site face of said membrane and into retentate which
recirculates through said module and becomes
more concentrated in proteins as it recirculates, the
semi-permeable membrane having an average pore
diameter falling in the range which will permit
water, lactose and soluble mineral salts contained
in the milk to pass through the membrane as a
filtrate up to 30 my, the flow of the liquid over said
first face of said semi-permeable membrane being
sufficient to hinder film formation on the surface of
said membrane which would prevent the flow of
said water, lactose and soluble mineral salts passing
through said membrane, said separation occurring
at a pressure of 1 to 50 kg/cm?, and such that sub-
stantially all the casein and soluble proteins of said
milk are retained in the liquid retentate;
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continuing said recirculation and separation until a
free flowing liquid retentate, collected separately
from said filtrate, is obtained which has substari-
tially the same total protein concentration and non-
protein soluble constituents concentration as is
known to exist in the milk derived components of a
desired natural cheese at the end of the whey drain-

28

ing process, and thereafter adding sufficient rennet

to said retentate to cause coagulation and cheese
formation. |

- 16. The process of claim 15, wherein the milk sub-

5 jected to the process is skim milk and cream is added to

the retentate.
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